INTRODUCTION
The epidemiology of outbreaks of Legionnaires' disease has been extensively studied. Whilst Legionella pneumophila can be isolated from many environmental samples, including some water supplies, it has often been difficult to prove a causal relationship between any one source and clinical isolates when an outbreak has occurred.
A number of typing schemes have been described for L. pneumophila. Monoclonal antibody (Mab) approaches subdivide serogroup 1 into subgroups [1] but these are still insufficiently discriminatory to trace individual strains within those groups. Although it is claimed that the recently described restriction fragment length polymorphisms (RFLP) is able to match strains to isolates [2] this is very expensive to perform and requires specialized facilities.
It has been suggested that pyrolysis mass spectrometry (PyMS) might discriminate between strains of L. pneumophila [3] . In the present study PyMS was used for the inter-strain comparison of a clinical isolate of L. pneumophila serogroup 1 with various environmental strains thought to be epidemiologically linked to the case. 
MATERIAL AND METHODS

Case history
An 83-year-old man developed Legionnaires' disease 3 days after returning home having stayed at an hotel in another city for 4 nights. He was admitted to hospital and a sputum sample obtained on the sixth day of illness yielded L. pneumophila serogroup 1. The patient was treated with erythromycin and made an uneventful recovery.
Following notification of the case, three 5 1 water samples were obtained from the room which the patient had occupied in the relevant hotel. The samples from the shower and the cold water supply were both negative for legionellae, but the hot water system (temperature 41 °C) yielded L. pneumophila following concentration by filtration on both acid-treated [4] and heat-treated samples [5] with viable counts of 1-2 x 10 4 c.f.u./ml and 1-4 x 10 4 c.f.u./ml respectively. Five discrete colonies from the acid-and six from the heat-treatment cultures were purified and preserved separately.
All these environmental isolates were sent to PHLS Legionella Reference Unit, Division of Microbiological Reagents and Quality Control, Central Public Health Laboratory, Colindale, London for conventional typing, as was the patient's strain, a duplicate of which was kindly sent to us by Dr R. J. Fallon, Ruchill Hospital, Glasgow. Preliminary typing results suggested that all the strains involved were L. pneumophila serogroup 1 Benidorm.
Pyrolysis mass spectrometry (PyMS)
The clinical isolate of L. pneumophila Sgp 1 Benidorm, the 11 isolates from the hotel water supply, 6 unrelated clinical isolates and 6 unrelated environmental isolates of the same subgroup (kindly supplied by Dr T. G. Harrison, CPHL, Colindale) were investigated by PyMS, together with the following reference strains of L. pneumophila: NCTC 12025 Sgp 1 Heysham; NCTC 12024 Sgp 1 Allentown; and NCTC 12006 Sgp 1 Benidorm O30E.
All the strains were subcultured onto a single batch of supplemented BCYE agar (Oxoid) and incubated at 36-5 °C for 48 h. Two samples of each strain, allocated PyMS numbers as shown in Table 1 , were pyrolysed in triplicate on a Horizon Instruments PYMS 200X pyrolysis mass spectrometer (Horizon Instruments Ltd, Heathfield, Sussex, UK). The resulting spectrograms were used as the basis for inter-strain comparisons using the techniques and principles previously described [6] .
PyMS data analysis
After iterative normalization, the replicate spectra of each subculture were labelled as distinct groups and analysed for within-group and between-group variation. The 30 mass ion peaks showing the greatest discrimination between groups were subjected to principal component (PC) and canonical variate (CV) analyses, as in previous reports [7, 8] . Two separate data sets were created, one of the odd PyMS numbers and the other of the even numbers. Thus, duplicate results were available for each strain. Analysing each data set separately, isolates that could be distinguished from a cluster of strains were identified as outliers on the ordination diagram (combined PCCV1 v. PCCV2) if their triplicate points did not overlap any from strains within the cluster. On sequential analyses these outliers were edited out of each data set until ordination diagrams showed that few, if any, triplicates overlapped. At this stage, any strain in which both subcultures had been differentiated from the remainder was removed from the total (combined) data set. The remaining strains were reanalysed using the data from both subcultures in a single combined data set, so that a measure of the reproducibility of the technique could be obtained. Thereafter, outlying strains were identified as those in which the duplicate triangles on the ordination diagram were quite separate from a cluster. The end point was a number of strains in which the groups resulting from the triplicate analyses of separate subcultures of the same strain were at least as different one from the other as those of different strains and which formed one or more discrete clusters on the ordination diagrams.
RESULTS
In the initial stages of the analysis the separate subcultures of the following strains were differentiated in both data sets: the 3 reference strains, all 6 unrelated clinical isolates and 3 of the 6 unrelated environmental strains, together with 1 isolate from the suspect water supply. When these strains had been edited from the total data set, the first analysis of the remaining 14 strains in duplicate revealed two clusters (Fig. 1) . A small group of three strains was quite separate from the main cluster. Two of these had been isolated from the hotel's water supply after acid treatment and the other after heat treatment of the same sample.
The large cluster of 11 strains could not be differentiated further by PyMS and were considered to be very closely related (Table 2) . DISCUSSION PvMS demonstrated that the patient strain of L. pneumophila was indistinguishable from 7 of the isolates from the epidemiologically-incriminated hot water supply of the hotel. In addition, 3 unrelated environmental strains of L. pneumophila Sgp 1 proved to be very similar. In contrast, the patient's isolate was clearly different from the 6 unrelated clinical isolates, 3 unrelated environmental isolates, 1 of the isolates from the hotel's water supply and the reference strain of L. pneumophila Sgp 1 Benidorm, as well as 2 reference strains of other Mab subgroups of the same serogroup.
It is of interest that three of the isolates from the incriminated hotel water supply were not as closely related to the patient strain as the other seven and formed a distinct cluster on the final ordination diagram. Isolates from a single water sample with a uniform genotype on RFLP analysis may show considerable phenotypic variation [9] . The RFLP results are not available as yet for our strains but it will be interesting to compare these with the PyMS assessment of interstrain relatedness.
It has been suggested that acid-and heat treatment of water samples may alter the phenotypic characteristics of legionellae [10] and repeated subculture is known to stabilize the Mab phenotypes of some strains of L. pneumophila [2] . The effects of acid-and heat treatments and repeated subcultures on the PyMS characterization of our strains of L. pneumophila are being studied currently. Meanwhile, we endorse the recommendation [9] that it is essential to preserve a representative number of colonies of legionellae from any water sample that yields this organism.
PyMS is a quick and reliable method of inter-strain comparison for many species, including streptococci [11] , salmonellae [7] and staphylococci [8] and now, L. pneumophila, although the method does not yet offer formal type designations. To our knowledge this is the first occasion that PyMS has been used to trace an environmental source of clinical disease. The speed and reproducibility of the technique and its applicability to a wide range of different bacterial species make it an attractive method for microbial epidemiological studies.
